INTRODUCTION
Vasomotor symptoms, such as hot flashes, affect millions of menopausal women world wide. 1 Survivors of breast cancer have more severe and persistent hot flashes because of premature menopause resulting from chemotherapy and surgery, as well as from the use of hormonal treatments, such as tamoxifen and aromatase inhibitors. 2, 3 The management of hot flashes in survivors of breast cancer is challenging because estrogenbased hormonal treatment is contraindicated. 4 Nonhormonal-based treatments, such as selective serotonin reuptake inhibitors, serotonin norepinephrine reuptake inhibitors, and gabapentin (GP), provide partial relief for women. 4, 5 Also, many women prefer nonpharmacologic therapies to avoid adverse effects or adding to their already complex medication regimens. 6 Acupuncture, a nonpharmacologic therapy, may be helpful in the management of hot flashes. Electroacupuncture (EA), in particular, has been shown to affect endorphins and other central neuropeptides, offering biologic plausibility for addressing hot flashes. 7 Because acupuncture is a complex intervention that involves specific needling techniques and patient-provider interaction in the therapeutic context, 8 it is challenging to evaluate its efficacy. Small and short-term trials have often found that real acupuncture has effects equivalent to sham acupuncture (SA), [9] [10] [11] [12] yet the magnitude of these effects is comparable to other active treatments. 13 Previous research in pain, but not hot flashes, has found that the placebo effect in JOURNAL OF CLINICAL ONCOLOGY acupuncture seems to be greater than in pills. 14, 15 Equally intriguing is the nocebo effect, defined as the negative effects on treatment efficacy and tolerability induced or driven by psychological factors. 16 We conducted this randomized controlled trial to evaluate the effects of EA versus GP on hot flashes in survivors of breast cancer, with a specific focus on placebo/nocebo responses. The predefined primary end point for the trial was change in hot flashes between SA and placebo pill (PP) at week 8 from random assignment. As a secondary objective, we evaluated the long-term durability of the effects after the period of therapy.
PATIENTS AND METHODS

Study Participants
We conducted a four-arm randomized controlled trial (EA, SA, GP, and PP) from November 2009 through June 2013 at the Abramson Cancer Center of the Hospital of the University of Pennsylvania in Philadelphia. The University of Pennsylvania Institutional Review Board approved the study protocol. Eligible patients were women with a history of early-stage breast cancer (stages I to III), free of cancer as determined by an oncologist or primary care physician, with at least two hot flashes each day during the 7-day screening period. Hot flashes had to have been present for at least a month before study enrollment and premenopausal women had to be willing to use nonhormonal contraceptives during the duration of the study. Exclusions were as follows: metastatic breast cancer, active breast cancer treatment, initiation or change in hormonal adjuvant therapy within the past 4 weeks, plans to initiate or change hormonal treatment in the coming 14 weeks, pregnancy or breast feeding, bleeding disorders or use of warfarin/heparin, an allergy to or previous use of GP for hot flashes, current use of an anticonvulsant, or documented renal failure in the past 12 months. All participants provided informed consent before random assignment.
Study Design
Participants were randomly assigned to treatment groups using computer-generated numbers sealed in opaque envelopes. Random assignment was stratified by hormonal therapy status and included random block sizes of four or eight participants. Participants were first randomly assigned to the acupuncture or pill group, followed by random assignment to active and placebo interventions.
EA
Two licensed nonphysician acupuncturists with 8 and 20 years of experience, respectively, administered interventions twice per week for 2 weeks, then once per week for 6 more weeks, for a total of 10 treatments during 8 weeks. We developed a semistandardized treatment manual on the basis of existing literature, 17 with input from acupuncture experts (Data Supplement). For EA, the acupuncturist chose standard points depending on subjects' preferred positions. In addition, up to four acupuncture points were chosen on the basis of subjects' other presenting symptoms (eg, fatigue and insomnia). The needles (30 or 40 mm and 0.25 mm gauge; Seirin-America, Weymouth, MA) were inserted and manipulated until De Qi (sensation of soreness and tingling) was reported by patients. 18 A bilateral 2-Hz current was connected between two acupuncture points using a transcutaneous electrical nerve stimulation unit. The needles were left in place for 30 minutes with brief manipulation at the beginning, middle, and end of therapy.
SA
Treatment was the same for SA, except for the following: We used Streitberger needles, which act like a stage dagger with the shaft of the needle retracting into the handle, creating a shortened appearance to lead patients to believe that needles were inserted into their skin. 19 The acupuncturist selected the same number of nonacupuncture, nontrigger points. Instead of eliciting De Qi, the needles were minimally manipulated to avoid eliciting sensations other than the initial contact with skin. Instead of adding a small electric current to the needles, the dial of the transcutaneous electrical nerve stimulation unit was turned on to a different channel so that the subject could observe the light blinking without receiving the electricity.
GP and PPs
A total dose of 900 mg once per day was chosen for GP on the basis of its effectiveness in survivors of breast cancer. 20 There was a 6-day titration phase during which participants took one pill (300 mg) at bedtime for 3 days, then twice per day for 3 days, and then three times per day for the remaining 50 days (a total of 8 weeks). At the beginning of week 9, the participants tapered the medication by taking one 300 mg pill twice per day for 3 days and then once per day for 3 more days before discontinuing. The University of Pennsylvania Investigational Drug Services purchased GP 300-mg pills and masked the medication by placing the whole intact dose into a larger opaque gelatin capsule shell. Placebo capsules were prepared by back-filling identical empty gelatin capsule shells with lactose monohydrate.
Outcome Measures and Follow-Up
The primary outcome was the once per week average hot flash composite score (HFCS) as measured by the Daily Hot Flash Diary, which is known to be reliable, valid, and responsive to treatment effects. 21 The participants documented their hot flash frequency and severity each day starting from baseline until end of the intervention and then for 1 week at weeks 12 and 24. Each participant recorded the number and severity of hot flashes each day. The composite score for each day was calculated by multiplying the number of mild, moderate, severe, or very severe hot flashes by 1, 2, 3, or 4, respectively, and adding the values. 21 Research staff blinded to treatment assignment monitored adverse events (AEs) using a standard AE case report form each week during the intervention phase.
Masking
The principal investigator, study investigators, patients, study staff, and the statistician were all blinded to the treatment assignments between active and placebo interventions, but not blinded to whether the patient received acupuncture or pill interventions. The acupuncturists were not blinded to EA or SA.
Statistical Analysis
The predefined primary end point for the trial was the two-group comparison of mean change in HFCS from baseline to end of intervention (week 8) between SA and PP. Because placebo response to a pill has been previously reported to be approximately 20%, 20 assuming baseline HFCS had a mean of 16 with a standard deviation of 4, we needed 26 participants in each placebo group to detect a 20% difference (3.2 HFCS/day) with 80% power using a two-sided significance level of .05. Assuming a 15% dropout rate, we needed to recruit 30 subjects per arm, for a total of 120 subjects. Our trial was not designed to evaluate the efficacy of EA or GP because sample size requirements would be much larger on the basis of previous literature. Evaluations of the short-and long-term effects between EA and other groups were secondary aims.
An analysis of variance or the 2 test was used to compare baseline variables among groups. Because primary and secondary outcome measures were repeated over time, differences of changes were assessed from baseline to weeks 8 and 24 using mixed-effects models. 22 Time and group were treated as categorical variables, and a random intercept term was included in the mixedeffects model. 23 Tests of intention-to-treat differences between intervention arms with respect to the change were based on time-intervention interactions in the mixed-effects models. The goodness of fit of the mixed-effects models was checked using residual plots. We did not find evidence of violations for any model assumptions and lack of fit. The impact of missing data on the results was evaluated through sensitivity analyses, including last observation carried forward and analyses of completers only. We did not find that any results differed from our intent-to-treat analyses. All analyses were two sided, with P Ͻ .05 indicating significance. Statistical analyses were conducted using STATA (version 12.0; STATA Corporation, College Station, TX) and SAS (version 9.2; SAS Institute, Cary, NC).
RESULTS
Between November 2009 and June 2013, we screened 498 patients ( Fig 1) ; 154 (30.9%) declined enrollment because of distance or time commitment, and 84 (16.9%) and 26 (5.2%) did not want to take a drug or receive acupuncture for their hot flashes, respectively. Of 120 patients who were randomly assigned, 116 (96.7%) provided evaluable data at week 8 (primary end point) and 105 (87.5%) at week 24 from random assignment. Among participants, 27 (90.0%) in the EA group and 26 (81.2%) in the SA group received all 10 acupuncture treatments; and 21 (75.0%) in the GP group and 24 (80.0%) in the PP group were adherent to medications on the basis of pill count. Table 1 shows baseline data for the 120 participants. The mean age of the women enrolled was 52.3 Ϯ 8.5 years (range, 30 to 79 years); 89 (74.2) were white, and 27 (22.5%) were African American. Of the patients, 87.5% were postmenopausal, 25.0% had surgically induced menopause, 39.2% had chemotherapy-induced menopause, 67.5% were receiving a hormonal therapy, and 25.0% were receiving an antidepressant (either a selective serotonin reuptake inhibitor or a serotonin norepinephrine reuptake inhibitor). The mean HFCS was 14.3 (standard deviation, 9.4). Baseline characteristics were well balanced and not significantly different among the four groups.
Baseline Patient Characteristics
Hot Flashes Change During Active Treatment
By week 8 (end of the intervention), acupuncture produced a significantly greater placebo effect than did pills, with the SA group having a significantly lower HFCS than the PP group (Ϫ2.39; 95% CI, Ϫ4.60 to Ϫ0.17; P ϭ .035). Compared with PP, EA also had improvement in hot flashes (Ϫ4.1; 95% CI, Ϫ7.0 to Ϫ1.3; P ϭ .005), whereas GP showed nonsignificant improvement (Ϫ1.8; 95% CI, Ϫ3.9 to 0.2; P ϭ .085). We observed differences among treatment groups in the HFCS score (P Ͻ .001 for time and treatment interaction), with Ϫ7.4 for EA, Ϫ5.9 for SA, Ϫ5.2 for GP, and Ϫ3.4 for PP (Table 2 and Fig 2) . Participants in the active treatment groups (EA and GP) experienced 47.8% and 39.4% improvement in hot flashes, respectively, compared with baseline. Placebo participants in the SA and PP groups experienced 45.0% and 22.3% improvement, respectively.
Durability of Treatment Effects
By week 24 from random assignment, or 4 months off therapy, group differences were seen, with the EA group having the best long-term effect (Ϫ8.5), followed by SA (Ϫ6.1), PP (Ϫ4.6), and GP (Ϫ2.8), with P Ͻ .001 (Table 2) 
. Participants in active treatment
AEs
No case of infection or reports of development or worsening of lymphedema occurred in either acupuncture group. No serious AEs were observed in any treatment groups. More treatment-related AEs ( Table 3) were reported in the pill groups than in the acupuncture groups (39.3% for GP, 20.0% for PP, 16.7% for EA, and 3.1% for SA), with P ϭ .005. More AEs were reported in the PP group compared with SA (P ϭ .05).
Assessment of Blinding
The proportion of individuals who guessed that they received EA versus not sure versus SA was 51.7%, 34.5%, and 13.8% for the EA group and 36.7%, 40.0%, and 23.3% for the SA group (P ϭ .45). The proportion of individuals who guessed that they received GP versus not sure versus PP was 53.8%, 26.9%, and 19.2% for the GP group and 33.3%, 29.2%, and 37.5% for the PP group (P ϭ .26). The percentage of participants in the SA and PP groups who believed they received true interventions was almost identical (36.7% v 33.3%; P ϭ .50).
DISCUSSION
In this randomized, placebo-controlled trial, we found that acupuncture elicited greater placebo and smaller nocebo effects than did pills for management of hot flashes among survivors of breast cancer. EA resulted in the greatest reduction in hot flashes both at the end of treatment and 4 months off treatment among treatment groups. GP had a similar effect while receiving treatment, but not off treatment. Abbreviations: HFCS, hot flash composite score; LMP, last menstrual period; SD, standard deviation.
‫ء‬ P values computed using analysis of variance or 2 when appropriate. †Among patients who were postmenopausal.
Placebo response to acupuncture or pills has not previously been investigated in hot flashes. A hot flash is a psychophysiologic response that occurs in menopause and can be exacerbated by premature ovarian failure or estrogen deprivation resulting from cancer therapies. 1 The magnitude of placebo response in our pill group is similar to that in other drug trials. 20, 21 We found that acupuncture elicited a greater placebo response than did pills, consistent with observations in studies of pain. 14 Although not completely understood, the enhanced placebo effect seen in acupuncture may be a combination of positive expectancy, patient-provider interaction, active patient engagement, relaxation, and light sensory stimulation by the sham needling. 8, 24 Nocebo effects are unwanted AEs attributed to nonspecific effects. 16 Although little is known about the mechanism of the nocebo effect, research suggests that it involves different regions of brain activation and neuropeptides than does the placebo effect. 25, 26 We found that more AEs were reported for the PP group than for the SA group. The informed consent process itself may contribute to this degree of nocebo effect. 14 The process of taking a pill once per day may have led some participants to associate normal fluctuations of daily experience (eg, fatigue) with the pill they were taking. In contrast, participants may only associate proximal events to acupuncture needling. A better understanding of what contributes to nocebo effects and how to accurately communicate risk while decreasing these effects in clinical research and practice could improve adherence to interventions. 27 The durability of the therapeutic effects off treatment in acupuncture (EA or SA) has not been previously evaluated, yet offers substantial therapeutic potential. By using positron emission tomography with 11 C-carfentanil, researchers found that real acupuncture produced long-term increases in -opioid receptor binding potential in brain structures, including the cingulate (dorsal and perigenual), caudate, and amygdale; however, these effects were not obverted for SA. 28 The enhanced and durable effect observed in the SA group challenges how we should interpret the clinical relevance of acupuncture. The additional benefit of EA compared with SA was small (Cohen's d of 0.21) at week 8, but became moderate (Cohen's d of 0.31) at week 24 (16 weeks after the acupuncture treatments). This raises the question of whether EA may produce further symptom improvement beyond the treatment period; however, these preliminary findings will need to be confirmed in a follow-up study that is powered to detect such a difference.
Few trials have compared active interventions for hot flashes in survivors of breast cancer. Venlafaxine was compared with GP in a short-term cross-over trial (each for 4 weeks). The drugs produced similar effects for hot flashes, with venlafaxine preferred because of AE profiles. 29 Venlafaxine was also compared with acupuncture for hot flashes in a 12-week trial among 50 participants. Both treatments had similar benefits, but acupuncture had fewer adverse effects. 13 Our trial results offer a more definitive comparison in the long-term outcomes between acupuncture and GP. The Cohen's d between EA and GP groups was 0.33 at week 8 and 0.67 at week 24, indicating a moderate increased benefit of EA compared with GP. Albeit preliminary, these clinically important differences should be confirmed in future adequately powered trials. Several limitations need acknowledgment. Without a notreatment group, the responses cannot be separated from that of natural history or regression to the mean. Our trial was not powered to examine the efficacy of acupuncture or GP. Also, because we did not evaluate the long-term use of acupuncture versus GP, the results should not be interpreted to conclude that continued drug therapy would not be beneficial longer term. Furthermore, part of the response to the SA may be attributed to sensory stimulation of the skin 30 ; however, SA without any skin sensation could be less credible. Last, this is a single-center trial, limiting generalizability.
In conclusion, acupuncture is associated with enhanced placebo effects and lower nocebo effects when compared with taking pills for hot flashes among survivors of breast cancer. Eight weeks of EA produced promising short-and long-term treatment outcomes for hot flashes compared with other comparators and had fewer adverse effects than GP. These preliminary findings need to be confirmed in larger studies with long-term follow-up. For survivors of breast cancer experiencing hot flashes, acupuncture could be preferable to GP because of sustained benefit after treatment and fewer adverse effects, whereas patients who dislike needles or do not have the time required for acupuncture treatments may prefer GP.
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